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TECHNICAL NOTE NO. 1387

A PRELIMINARY CORRELATION OF THE BEHAVIOR OF
WATER RUDDERS ON SEAPLANES AND FLYING BOATS

By ¥. W. S. Locke, dJr.
SUMMARY

This report presents & rough correlation of the dimensions of
water ruddsers of various actual seaplanes and Plying boats ag related
to their bshavior. The correlation should be useful Ffor determining
the size of a water rudder which will give adequate control for
mapeuvering at low speeds.

INTRODUCTION

Practically all single-engine seaplanes and flying boats depend
on a water rudder for maneuvering at very low spesds on the water.
It has usually beefi consldered that adeguate directional control
could be obtained by using asymmetrical power and by blipping the
engines of multiengine flying boats. In recent years the Inboard
propellers of four-engine flying bqats have been capable of reversing
pitch. (See reference 1.) This has provided the pllot with positive
control over the speed when maneuvering in close gilarters and ie
generally very well liked. However, it is still necessary to apply
asymmetrical power to make a turn.

Despite the ability to use asymmetrical power, a surprisingly
large number of accldents have resulted 1n the past few yearas from
running into breakwaters, ramps, buoys, moored sircraft, and soc forth,
when taxying at low aspeeds. Reference 2 indicates that about 10 percent
of all on-the-water accldents to flying boats without =2bility to reverse
pitch of thelr propellers may be attributed to lack of a water rudder.
British experience indicates an even higher percentage. It is noteworthy
that only a very few records of maneuvering accidents could be found
which happened to flying boata which had fast positive control over
their speed while taxying. Apparently, what happens freguently in accl-
dents to flying boats without reversible propsllers 1s that at a crucial
moment additional power is spplied to make the aircraft turn. The turn
ig started but the aircraft speeds up dsspite the ses anchors and smashes
into whatever obstacle the pllot was trylng to avold.

At
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Sea anchors are quite generally used for maneuvering when
veversible pitch propellers are not avalilable. The chief disad-
vantage of sgea anchors appears to be that the pilot has to relay
his commands with a subdequent ldg before aétlon can be tmken.
Becauge 1t even tskeam a certain amount of time to raverse pitch,
maneuvering with the aid of the propsllereg may be slightly awkward
with twin-engine flying boats, though maneuvering accidents should
be a thing of the past. Since the air rudder is very ineffective
for low-gpeed operation, when it 1s not possible to reverse pitch
and use asymmstrical power, the simplest and most positlve means of
providing directional control appeary to De a water rudder.

The purpose of this report is to record readlly available infor-
mation on water rudders and to present a rough correlation of the
behavior of water rudders as affected by thselr eize and locatlon.

The courtesy of Lt. S. J. Miller, RCNR, in supplyling the British
date analyzed in this report is greatly appreciated.

NOTATION AND. DATA

The followlng notation is used throughout this report:
TAVY initial design gross weight, pounds S -

Sy projected water-rudder area (area of both water rudders in cage
of twin-float—seaplanes having two water rudders), fest?

A water-rudder arm, meagured frcm center of gravity of alrcraft—
to water-rudder hinge line along a lins parallel to tangent
to farebody keel at main step, feet

The dimensions were taken from manufacturers' drawings. It-is
belleved that.the areas are accurate within 5 percent a¥d the lengths
about 3 percent. The date on psrformance have generally been taken
from flight-test reports of the U. S. Navy and the British Marine
Aircraft Experimental Establishment. These reporits ususlly merely
state whether the water rudder was or wae not satisfactery. In the
cage of the U, 8. Navy reports, this means that.the water rudder was
of sufficient slze to provide adequate control of the alrplane while
taxying on the water. On the other hand, the British have, in many
cages, actually measured the dlameter of thes turning &lrcles and the
time required to meke . a 360° turn. _

In one of the cases, accident reporta indicated that s MIPE PSWerful
water rudder would have aided.in avolding trouble. In this case, the
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particular water rndder wes labeled "Msrginal" even thoughk the flight-
test report said satisfactory.

The avallable information on water rudders has besn tabulated in
table I together with a single word describlng the behavior<f the ruddier.
On figure 1 will be found sketches of some of the different kinds of
water rudders that have been used in the past.

DISCUSSION

The informatlon given in table I has been plotted on figure 2, The
form adopted of plottling a rudder "volums" versus the gross welght appears
to serve the purpose of a crude correleticn quite satlafactorily. Provided
that the rudder area 1g at least

S, = 0,005 ;%'L

1t appears that satisfactory directional control wlill bve assured. Whille
there are reflned methods for designing the rudders of surface vessels,
it 1s belisved that, for the present at leamt, the above equation shmld
garve as a useful gulde to the designers of flying boets and seaplanes.

The locatlon and shape of the water rudder should be chosen so
that 1t acts on as much undisturbed water asm pogsible. The case of
the rudder on the SB2C-2 ghould be particularly noted. According to
the chart (fig. 2), thisg rudder might have been expected to be satig-
factory. It seems possible that the reason the rudder was only marginal
wag at least partlally dus to the rather low aspect raetic compared to
other rudders. The effectlve aspect ratioc was undoubtedly reduced still
further by the fact that atv low taxying speeds the entire rudder 1s
usually nct fully submerged in the conventlional float arrangement. iost
of the rudders consldered 1n this report havesa: least part of thel. area
behind the afterbody sternpost. Ordinarily a gozd desl of dsad water
is btelng dragged along by the hell in this region. The effectlvenesas
¥ a water rudder forced to operate in this dead water is considerably
reduced, both because of the rediuced relative speed and because the
entire rudder 1s not submerged. The location behind the afterbody
sternpost hag usually pesn chogen For the water rudder to lnsure ade-
quate ground clearance and to prevent damege from floeting debrils.
Hydrodynamlcally, a much better location 1ls on the afterbsdy bottom
near the sternhpost. Soms unpublished tests at Stevens Institute of
Technology on water rudders located on the afterbody botiom have indi-
cated that the effective asspect ratlo 1g ahout twice the geomstric
agpect ratlo as far as ths rudder "1ift# furces are concerned. Thus,
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1f the rudder is located on the afterbody bottom, the area of the
rudder can probably be gomewhat less than Indicated by the above
equation, but it is then necessary that the rudder be retractable.
This is not only to prevent damage and provide ground clearance,
but also to prevent the rudder from overconbtrolling the alrcrafd
when traveling at high apeeds on the water. A good gcheme is to
meke the rudder drag force antomatlcally retract the rudder at~
about one-quarter to ome-third of the getawey speed.

A water rudder should not be congldered ams a means for curlng
or overcoming the type of directional instabillty described by
Pierson in reference 3. Quite large fixed fins ugsually have little
or no effect on this type of Ingtability. Soms of the unpublished
tests on water rudders made at Stevens Institute of Technology in
the critical speed range have indicated that a very largs rudder
deflection 18 required to dlsplace the curve of yawing mements by
even 2° or 3° of yaw. Baslically, the purpose of a water rudder is
to provide maneuvering control at low taxylng speeds and, presumably,
not much more should be expected of 1t.

CONCLUDING REMARKS

-

A rough preliminary correlation has been made which will provide
the designer with means for estimating the size of a water rudder,
for elther emall seaplanes or large flying boate, which should provide
adequate directional control at low taxying speeds. Water rudders '
appear to comnstltute a fleld in which a littls systematic research -
would be quite frultful. Until that has been dome, ths present
information should be useful.

Bureau of Aeronautics, Navy Department
Washington, D. C., November 1946
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TABLE T

WATER-RUDDER DATA

Water-rudder|Weter-rudder
Manufecturer| Model | Type Gros ?1;3’15“ area arm Remerke Bcurce
(£12) (%)

Teylororaft {Auster |Twin 1,800 0.75 8.5 Satlgfactory MAEE.
Republiic Seabee |Hull 3,000 1.8 11.5 Satisfactory | USK
Vought 0S2T-1 |Single L 800 1.6 12.5 Satigfactory | TSN
Edo X0SE-1 |Single 5,900 2.3 13.0 Satigfectory | UsW
Falrey IITF {Twin 6,300 2.50 12.0 Uneatisfactory} MAER
Tairey ITT F |Twin 6,300 h.10 12.0 Satisfactory [ MAEE
Vickers Vivid |Twin 6,300 1.h 12.0 Satlsfactory | MAEE
Parnall Pike Twin 6,350 1.40 12.7 Unsatisfactory| MAEE
Fairey 5.9/30 |Single 6,500 1.00 15.5 Batlsfactory | MAER
Grumman J2F-5  |8ingle 6,650 1,1 13.9 Marginal USK
Supermarine |Walrus {Hull 7,260 1.68 22.0 Satisfactory | MAEE
Supermerine |Spitfire|Twin 7,580 3.92 12.2 Satiafactory | MAER
Curtiss 5C-1 Singls 7,600 2.6 15.5 Batisfactory USK
Blackburm |Ripon |{Twin 8,000 2.7h 12.0 Satiafactory | MAEE
Bupermarine |Sea atber|Hull 10,200 1.2 22.0 Uneatlafactory| MAEE
Supermarine [See otter|Hull 10,200 1.7 22.0 Satisfactory MAEE
Curtiss SB2C-2 |Twin 18,700 5.0 17, Marginal UsN
Boeing 314 Hull 80,000 3.1 33.9 Unsatisfactory| PAA
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